We obtained multi-colour light curves of HH Boo. We analysed the orbital period variation of the system. The analysis indicated that there is possible mass transfer from the second component to the primary or mass loss with 
Introduction
HH Boo (GSC 03472-00641) is classified as an eclipsing binary of W UMa type (a contact binary) in the SIMBAD Database. For the first time, the system was listed in the TYCHO-2 Catalogue by Høg et al. (2000) , who gave
m .32 and (B − V ) = 0 m .45 for the system. Its variability nature was found by Maciejewski et al. (2003) , who obtained the first light curve and gave the light elements as following: T 0 = 2452764.50965 and P = 0 d .318618. Considering the spectra of the system, Maciejewski et al. (2003) indicated that the system should be from the spectral type G5III. Then, Maciejewski & Ligeza (2004) obtained the radial velocity curve of the system. They found that mass ratio is 0.633±0.042, while M 1 sin 3 i = 0.78±0.08
M ⊙ and M 2 sin 3 i = 0.49 ± 0.05 M ⊙ . Although Maciejewski et al. (2003) have obtained a light curve, there is no light curve analysis given in the literature.
However, many minima times have been obtained along the years. Most of them are listed in the modern database of O-C Gateway (Paschke & Brát, 2006) , while some others are given by Maciejewski & Karska (2004) , Maciejewski & Niedzielski (2004) , Brát et al. (2008) , Hubscher et al. (2009 ), Hubscher et al. (2010 , Walter (2010) .
According to Ammons et al. (2006) , who determined new temperatures and metallicities for more than 100,000 FGK dwarfs, the temperature of the system is 5699 K, while [F e/H] was found to be -0.57. The distance is 54 pc.
In the literature, there are several systems similar to HH Boo (Essam et al., 2010) . In this study, we obtained multi-colour light curves. Analysing the orbital period variation, we adjusted the light elements of the system and derived the mass transfer rate between the components. Then, re-analysing the radial velocity obtained by Maciejewski & Ligeza (2004) , we analysed the multi-colour light curve using the parameters such as mass ratio and semi-major axis.
Observations
Observations of the system were acquired with a thermoelectrically cooled ALTA U + 47 1024×1024 pixel CCD camera attached to a 35 cm -Schmidt -Cassegrains -type MEADE telescope at Ege University Observatory. The observations were continued in BVR bands in the observing season 2011.
Some basic parameters of program stars are listed in Table 1 , in which the brightness and colours were taken from the General Catalogue of Variable Stars (Kholopov et al., 1988) . 
Analysis of Orbital Period Variation
There are several minima times of the system in the literature (Paschke & Brát, 2006; Hubscher et al., 2010) . In the analysis, we used nor visual observations neither the minima times with large error. We also obtained new 15 minima times. All the minima times used in this study are listed in Table 2 . The standard deviation of each one obtained in this study is given in the brackets near its related digits in Table 2 .
Using the regression calculation, investigations demonstrated that the main variation could be described by a downward parabolic curve, which must be caused by possible mass transfer from the second component to the primary or mass loss. Therefore, the main period variation was represented by the quadratic light elements, which are given by Equation (1).
Min I (Hel.) = 24 54912.3236(2) + 0
where the standard deviations of each coefficient and each constant are given in the brackets near their related digits.
The period variation and its quadratic fit are shown in Figure 1 . In the analyses, the weighted sum of the squared residuals, Σw(O − C) 2 , was found to be 0.000038 day 2 . Considering the quadratic term (Q), the parameter of the period variation (dP/dt) was found to be -9.60×10 −7 yr −1 . The relation between the parameter of the period variation (dP/dt) and the rate of mass transfer was determined with Equation (2) by Pringle & Wade (1985) :
whereṁ is mass transfer rate per year. Using this equation, the mass transferring from the secondary component to the primary was found to be −5.04 × 10 −7 M ⊙ yr −1 .
Radial Velocity and Light Curve Analyses
We took the radial velocity curve of the system from Maciejewski & Ligeza (2004) . In order to adjust their radial velocity solution, we used the Spectroscopic Binary Solver software (Johnson, 2004) and re-analysed the radial velocity curve. In the analysis, we used the orbital period adjusted by the O−C analyses in this study, and we fixed it. The results are listed in Table 3 . The solution generally gave the same values obtained by Maciejewski & Ligeza (2004) with the little differences. The theoretical radial velocity curves derived by the Spectroscopic Binary Solver software are shown in Figure 2 .
HH Boo is classified as an eclipsing binary of W UMa type in the SIMBAD Database, and it is more likely a contact binary system. In this respect, we analysed the light curves obtained in the BVR bands with using the PHOEBE V.0.31a software (Prša & Zwitter, 2005) , which is used in the version 2003 of the Wilson-Devinney Code (Wilson & Devinney, 1971; Wilson, 1990) . We tried to analyse the light curves with different modes, such as the "overcontact binary not in thermal contact", "semi-detached system with the primary component filling its Roche-Lobe", and "double contact binary" modes. The initial analyses demonstrated that an astrophysical acceptable result can be 5 obtained if the analysis is carried out in the "overcontact binary not in thermal contact" mode, while no acceptable results in the astrophysical sense could be statistically obtained in all the others modes.
According to the radial velocity analysis, the mass ratio of the system should be 0.632±0.038. Ammons et al. (2006) determined the temperature of the system as 5699 K. Thus, the temperature of the primary component was fixed to 5699 K in the analyses, and the temperature of the secondary was taken as a free parameter. Considering the spectral type corresponding to this temperature, the albedos (A 1 and A 2 ) and the gravity darkening coefficients (g 1 and g 2 ) of the components were adopted for the stars with the convective envelopes (Lucy, 1967; Rucinski, 1969) . The non-linear limb-darkening coefficients (x 1 and x 2 ) of the components were taken from Van Hamme (1993) . In the analyses, the fractional luminosity (L 1 ) of the primary component and the inclination (i) of the system were also taken as the adjustable free parameters.
The parameters derived from the analyses are listed in Table 4 , while the synthetic light curves are shown in Figure 3 . In addition, using the parameters obtained from the light curve analysis, we also derived the Roche geometry of the system that is shown in Figure 4 .
Using the radial velocity curves, the mass ratio of the system (q) was obtained as 0.632±0.038, and the semi-major axis (a) was found to be 2.246±0.064 
Discussion
In this study, we tried to determine the nature of an eclipsing binary system HH Boo. The analysis of orbital period variation indicates possible mass transfer from the second component to the primary and/or possible mass loss from the system. The size of transferring or loosing mass was computed as −5.04 × 10 −7 M ⊙ per year, which causes a decreasing in the orbital period due to the angular momentum loss. In fact, the parameter of the period variation was found to be -9.60×10 −7 yr −1 . We adjusted the orbital period as 0 d .318666. It is well known that several binaries of W UMa type such as YY CrB (Essam et al., 2010) , BS Cas (Yang et al., 2008) , VZ Tri (Yang, 2010) , exhibit large the period variation due to the large mass transfer.
We also re-analysed available radial velocity curve. Our solution seems to be a little bit different according to the results found by Maciejewski & Ligeza (2004) . The differences should be caused due to the orbital period used in this study. Here, the adjusted period is a bit different from the one used by Maciejewski & Ligeza (2004) .
For the first time in the literature, we analysed light curves of the system.
The inclination (i) of the system was found to be 69
• .71±0
• .16, while the temperature of the secondary component was found to be 5352±15 K from the analysis. The fractional radii were found to be r 1 = 0.435 ± 0.001 for the primary component and r 2 = 0.354 ± 0.001 for the secondary one. In this case, the sum of fractional radii was computed as r 1 + r 2 ≃ 0.80. Thus, HH Boo seems to be in agreement with Kopal (1956) (Berdyugina, 2005; Rucinski, 1985) .
As it is seen from 
